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ABSTRACT

An atlias of the spectral absorption characteristic
of alr 1s presented in the spectral region from 4000
to 250 cn~ 1, Spsctra were observed over a 92 meter
patii under two conditicns: in a near vacuum and at

ambient pressure and temperature,
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AX ATLAo OF Alhr ABoORPTION: IN THE INFRARED

D. J. Lovell

Introduction

Interest in the absorption characteristics of the

atmosphere dctes back nearly to the cdiscovery of infrared

radlation itself. 1t was soon founé that the principal

gi

;;j:
i

stmospheric absorber 1s water vapor. 3Secause the deter-~

mination of the concentraticn of this component is variabie

and difficult to asscess, precise computations of atmosrheric

attenuations have only been undertaken in coaparatively re-

i e

cent years,

The accurate dctermination of atmospheric attenuation

E has been attacked by three empirical methods., First, usin,
artificial sources, the spectral transmissions of atmospheric

% paths have been directly measured. These generalily have

teen made over approximately horizontal paths in which the

temperature, pressure, and component ccncentrations are assuued

not to vary appreclably., A second empirical techr.lque has

been to use the sun as a source, Here, the path through thre

atmosphere 1s nearly vertical, and scome model atmosphere

must be assumed if the resulting attenuation 1s to be compared

to the constituent concentrations., A third empirical ap-

proach has been to study, under laboratory conditions, the

S e e mgre




absorpt) °r produced by the specific constituent gases of
the atmosphere,

The data developed from these techniques have permitted
reasonabl: predictions of atmospheric attenuation to be
made. However, some uncertainties still exist, The work
presented here is intended to provide additional insights
into the problem by providing an atlas of the relative

spectral absorption characteristics of a homogeneous path

of atmosphere., The atlas permits one to observe &nd compare

the constituent features that spectrally attenuate radiation

in the atmosphere. By using "normal" alr, the absorbing
characteristics due to all constituents of the atmoaphere
except ozone, of course, are properly superimposed, It
i1s hoped that the spectral coverage (approximately 4000
to 250 cm'l) and the spectral resolution (usually better
than 1 cm'l) will enable meteorologists, astronomars, and
others interssted in atmospheric attenuation to imp.rove

their abllity to predict this characteristic.

Atlas Preparation

The atlas, presented here, covers the spectral region
from about 4000 cm~t (2.5p) to 250 em~! (40u), It has been
prepared over a 92-mester (300 ft,) homogensous path under
both amblient pressure condltions and at a pressure of a few

millimeters of mercury.
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Measurements were made using the long path absorption

rell described by Lovell and strong (1), This cell is

shovm in the drawing (Fig. 1) and is irdicated schematically

i
i
i
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in Fig. 2. Note that the distance between the two large
mirrors in Filg., 2 has been foreshortened. A globar source
was used, and the radiation was reflected to the spectrometer
by four gold-coated mirrors. The signal was synchronously
detected and amplified by & Erower lodel 131 lock-in ampli-
fler,

The spectra at amblent atmosphere and vacuum conditions
were obtained under identlical spectrometer settings in a
specitfied spectral region, Experience has irndicated that
results obtained in this way are generally reproduclble to
better than 10%, but that larger errors dc sometimes occur.,
Thu near-vacuum spectra were recorded to indicate the approx-
imate envelope of the raediation source. TI'he ailr at amblent
pressure was at & temperature of approxlmately 22°C and a
relative humidity of about 40%,

Although the spectrometer is flushed with dry air,
the absorption duve to the approximately one meter path
within the spectrometer can overwhelm that in the evacuated
cell under some circumstances, This is particulariy true
of the 15y band of CO2 and care must be taken nrot to attri-

bute these absorptions to the partial pressure within the




cell. It is reemphasized that the vacuum spectra are ob-
tained to provide an irradiance envelope for comparison in
addition to providing better spectral resolution where bands
are rearly opaque under ambient conditions.

Identification of the lines presented here has been
done primarily by comparison of the results prevcented by
varlous authors, The specific data used are indicated on
the tables presented. Where no wavenumber identification
was available, it was determined by interpolation and is in-
dicated by the dmsignation x. This interpolation is not more
accurate than 0.5 cm™ L,

The wavenumbers presente” are for vacuum conditlions.
Reported values have been rounded off to the nearest 0.1 cm"1
since, although values are often reported to an order of
magnitude greater accuracy, disagreements among the values
reported to nearly 1 cn”! sometimes arise.

The spectra were all odbtained with a Perkin-Elmer Model
210 zrsting monochromator. Four separate gratings were used
to cover the spectral region. Spectra were recorded in the
first order; cut-on interference filters were used to reject
higher orders of shorier wavelengths. The grating, slit

widths used and the calculated spectral s)it widths are glven

in Tatle 1,
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TABLE 1

Aae g s mee g SICH
) (mm) (cm'l)
1 240 4100 3700 0.06 1.35
2 240 3700 3300 0.06 1.1
3 240 3300 2900 0.065 0.9
n 240 2900 2550 0.065 0.65
5 240 2550 2200 0.078 0.55
6 240 2200 1800 0.09 0.45
7 240 1800 1550 0.125 0.4
8a 101 1575 1460 0.120 0.95
8b 101 1460 1425 0.100 0.75
9 101 1425 1300 0,100 0.7
10a 101 1300 1175 0.115 0.6
10b 101 1175 1150 0.150 0.7
11a 101 1150 1070 0.150 0.6
11b 101 1070 1025 0.200 0.7
12a 101 1025 925 0,240 0.7
12b 101 925 875 0.275 0.7
13a 101 875 780 0.300 0.6
13b 101 785 730 0,440 0.7
14 101 730 600 0.475 0.55

/’O
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Plate Grating Spactral Region 31it opectral

B R

- g e vmtrae =

(1/mm) (ca~1) w%g;? oliZinith
15 40 670 600 0.225 0.8
16 Lo 600 540 0.285 0.8
17a Lo 5.0 490 0.330 0.7
17b Lo 500 470 0.425 0.8
18 Lo 470  Loo 0,540 0.9
19 30 beo 390 0.500 1.0
20a 30 350 350 0.610 0.95
20b 30 360 330 0.850 1.0
21a 30 330 300 1.00 1.1
21b 30 305 290 1.35 1.2
22 30 290 240 1,8 1.8




PLATE 1

Line Wavenumber Molecule Reference
(cn™1)

1 4085.8 H20 2
2 4076 Hy0 x
3 4071 Hy0 (?) x
L L058.8 HZO 2
5 Loso H,0 (?) x
6 Lol H,0 x
v 4030 H,0 x
8 Lo2k Hy0 (?) x
9 4019 H,0 x
10 4011 H,0 (?) x
11 4008 H,0 X
12 3995 H,0 x
13 3991 H,0 x
14 3986 H,0 2
15 3981.8 H20 2
16 3980.8 Hy0 2
17 3976 H,0 2
18 3975 H,0 2
19 3973 H,0 2
20 3968.5 H,0 2
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PLATE 1

Line Wavenumber Moiecule Referenc~
(en~1)
21 3964 HZO X
22 3961.7 HZO 2
23 3957 Hy0 (7) X
2L 3952 HZO (?) X
25 3950 H,0 3a
26 3947 HZO X
27 3942.9 Hzo 3a
28 3938 H,0 X
29 3932.5 H,0 X
30 3930 H,0 X
31 3925.2 H20 3a
32 3920.1 HZO 3a
33 3918 H,0 X
34 3904,2 H20 3b
35 3903.5 HZO X
36 3899,.4 H20 Ja
37 3894, 5 H,0 x
38 3891.3 H,0 3b
39 5885.9 H,0 3¢
Lo 3883.3 H,0 ja




PLATE 1

. ——

Line Wavenumber Molecule Reference .
(em™1) 1
— g‘; .

L1 3879 HZO X

42 3874 H,0 x

L3 3869. 5 H,0 x

Ll 3865,2 H,0 3a

45 3661.5 H,0 X

L6 3858 H,0 X

W7 3854 H,0 x

Lg 3852.1 H,0 ja

49 3842,.8 H,0 3c

50 3840 HZO x |

51 3837.9 H,0 3¢

52 3835.1 H,0 3e

53 3831.7 H,0 3¢

54 3826 H20 x

55 3819.5 H,0 x

56 3816.1 Hy0 3a

57 3807 HZO 3a

58 7801, 4 H,0 3¢

59 3796 H,y0 X ;

60 3790 H,0 x |
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PLATE 1

Line Wevenumber Molecule Reference
(cm™1)
61 3785 H20 X
62 3779.4 HZO 3a
63 3769,8 H,0 34
6l 3765,8 H,0 3d
65 3759.8 H,0 3a
66 3756 H,0 X
67 3752.2 H20 3a
68 3749.3 H20 3da
69 3744.5 H,0 3d
70 3741 H,0 3d
71 3736 H,0 x
72 3732 HZO X
73 3737 Hy0 X
74 3733 1,0 X
75 3730 H,0 x
76 3714,8 H,0 3a
77 3713 H,0 x
78 3710 HZO X
79 3701.9 H,0 Ja
80 3691 H,0 x
81 3688 H,0 X
—




PLATE 2
Line wavenumber Molecule Reference
(en™t;
1 3713 HZO X
2 3710 HZO x
3 3701.9 H,0 3a
b 3691 H20 X
5 3688 H,0 X
6 3680 H20 b ¢
7 3676 H,O X
8 3671 Hy0 x
9 3659.9 H,0 3a
10 365643 H,0 3a
11 3652 H,0 x
12 3651 H,0 x
13 3648 H,0 p'
1% 3642,.5 H,C x
15 3638,.2 HZC 3a
16 3634 H,0 x
17 3629 H20 X
18 3626 HZO x
19 3619 H20 x
20 3617.5 HZO x
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PLATE 2

Line Wavenumber Moleculz> Reference
(cu™t)

21 3615 HZO X
22 3613 H20 X
23 3609 H20 X
24 3607 HZO X
25 3601 Hy0 x
26 3598 Hy0 x
27 3596 HZO X
28 3593 H,0 X
29 3589 H20 X
39 3586 H,0 x
31 3581 H20 X
32 3577 H,0 x
33 3575 H,0 x
34 3572.5 H,0 x
35 3570.5 H,0 3a
36 3568 (?) X
37 3566 (?)

38 3557.0 H,0 L
39 3554.7 co, b
40 35524 H,0 3a
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PLATE 2

Line Wavenumber lolecule Reference
(em™1)

i1 354L,6 H,0 b
L2 3543.,0 H,0 4
L3 3540 o, (2) 4
Ly 3536.4 H,0 3a
L5 3530.7 H,0 4
L6 3518 Hy0 L
1y7 3528.0 H,0 L
L8 3518.9 H,0 L
49 3509.5 H,0 3a
50 3504.7/3503.0 H,0 b
51 3496.6 H,0 Ja
52 3490,8 H,0 W
53 3u488,1 Hy0 3a
5t 3485 H,0 x
55 3482.3 H,0 3a
56 3474.8 Hy0 L
57 3470.5 H,0 b
58 3467,2 H,0 L
59 3462.7/3461.4  H,0 L
L0 3458.6/3457.5 H,0 L

/4
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PLATE 2

Line Wavenurbei Molecule Reference
(cn™1)
61 3455.7 H,0 4
62 47,2 H,0 3a
63 3hh2,2 H,0 L
64 3438, 1 H,0 4
65 3430.9 E,0 4
66 3620,4 H,0 4
€7 3413.0 H,0 4
68 3408.8 1,0 4
69 3406.6 H,0 b
70 3403.6 H,0 n
71 3403.5 E,0 i
72 3402.1 H,0 b
73 3397.2 H,0 L
i 3392.6 E,C L
75 3385.6/3384,2 H,0 l
76 3380.4 H,0 L
77 337447 H,0 L
78 3371.8 H,0 L
79 3367.5 H,0 i
80 3365.7 H,0 Y

-
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PLATE 3

Line Wavenumber Molecule Heference
(en~1)
1 3327.4/3326.4 Hy0 n
2 3324.6 H20 b
3 3323.0 H,0 L
L 3318.3/3317.3 H,0 L
5 3313.0 H,O0 n
6 3308.5 H20 L
7 3303.2 H,0 b
8 3297.4 H20 4
9 3292.6 H,0 b
10 3288, 5 H,0 N
11 3282.9 H20 b
12 3280,0 H20 L
13 3276.3 HZO 4
14 3273.6 Hy0 L
15 3265,0 H,0 "
16 3260. 4 H20 L
17 3257.1 H20 L
18 3254.0 H,0 L
19 3245.1 H,0 4
20 3240,0 H20 L
>




PLATE 3

Line Wavenumber Molecule Reference % :;1
(em™1) |
1
21 3236.6 H,0 4 {8
22 3232.9 H,0 4 E?
23 3230.0 H,0 4 ¥
2L 3227.5 H,0 4 §
25 3219.3 H,0 4 §~
26 321k,1 H,0 4
27 3209.8 H,0 4
28 3199.8 H,0 4
29 3197.9 H,0 4 3
30 3196.2 1,0 4
31 3185.2 H,0 L i
32 3178.2 H,0 4 1.
33 3169.7 H, 0 b |
3 3167.9 1,0 4
35 31514 H,0 14
36 3142.8 H,0 4
37 3133.1 H,0 4
38 3126,8 H,0 4
39 3122.3 H,0 Y
) 3119.1 H,0 4
e




e ey - T

PLATE 3
Line Waverunber Molecule Reference
(en™1)

41 2115,9 H,0 L
L2 3112.1 H,0 m
43 3110,2 H,0 N
Iy 3107.3 H,0 4
b5 3103,1 H,0 n
L4 3101,2 H,0 4
L7 3099.6 H,0 n
L8 3095.8 Hy0 4
49 3087.2 H,0 "
5C 3081.3 H,0 n
51 3079.6 H,0 n
52 3077.9 8,0 L
53 3067.2 Ha0 N
S 3064, 3 H,0 n
55 3059.3 H,0 4
56 30564 H,0 "
57 3049.0 H,0 b
58 30344 H,0 "
59 3031.9/3030.8 H,0 U
60 3025.8 H,0 4




PLATE 3

Line Wavenumber Molecule Reference
(cnt)
61 3022.4 H,0 L
62 3017.3 CH), 4
63 3015.5 H,0 4
6L 3010,3 H,C 4
65 3003.7 H,0 4
66 2994 .4 H,0 4
67 2991.8 H,0 4
68 2987.5 H,0 L4
69 2984 ,2 E,0 4
20 2980.3 H,0 4
71 2978,0 H,0 b
72 2975.2 H,0 b
73 2973.2 H,0 4
70 2967.9 H,0 L
75 2965 H,0 L
76 2958.3 CH), 4
7 2955,7 H,0 n
78 2953 CHy, (?) 4
79 2947.9 CH, Y
80 2920,8 CH,J_ 4




T e e e, . 3PP et e e 7 g e~ e

PLATE 5
Llne Wavenumber Molecule Reference
(em™t)
1 2371.5 002 Je
2 2370.3 CO2 3e
3 2369.1 002 3e
L 2357.9 002 Je
5 2365.,7 co, 3e
6 2365.4 co, 3e ‘
7 2364,2 co, 3e
8 2362.8 o, e
9 2361.5 co, 3e
10 2360.2 CO2 le
11 2358.8 co, Je
12 2357 ..b CO2 3e
13 235549 002 3e
14 23545 co, 3e
15 2353.0 002 3e
16 2351.5 002 Je
17 2350, 0 CO2 3e
18 2347.6 co, 3e
19 2346,0 002 3e
20 234l 4 co, 3e
‘::2 ‘ o




PLATE 5

Line  Wavenumber Molecule Reference
(cul)
21 2342,8 CO2 3e
22 2341,1 CO2 3e
23 2339.4 co, Je
2L 2337.7 Co, 3e
25 233640 co, 3Je
26 2334,2 CO2 3e
27 2332.4 002 3e
28 2330,6 co, 3e
29 2328,8 CO2 3e
30 2326,9 co, e
31 2325.0 co, 3e
32 2323.1 co, e
33 2321.2 o, 3e
3 2319.2 co, 3e
35 2317.2 co, Je
36 231t.2 CO2 3e
37 2313.2 co, Je
38 2311.1 co, 3e
39 2309, 0 co, e
Lo 2307, 0 CO2 Je
- »7(7




PLATE 5

Line Wavenumber Molecule Reference
(cn™ )
i 11 2304,8 co, 3e
f 42 2302.7 CQZ 3e :
L3 2300,5 CO2 3e
Ly 220l 4 L3co, 3f f
| Ls 2293.1 Beo, 3 é_
16 2291.6 Beo, 3f !
L7 2290.2 L3co, 5t |
Lg 2288,8 13002 3r i
19 2287.3 Yo, 3f {
; 50 2285.8 3co, 3t
i 51 2283.9 Lo, 3f
52 2281.9 eo, 3f
| 53 2280, 3 co, 3r
s 2278.7 co, 3f
E 55 2271.1 eo, 3
E 56 22754 o, 3f
57 22737 teo, 3t
| 58 2272.0 3co, 3f
59 2270.3 co, 3f
60 2268.6 eo, 3




PLATE 5

” e
Y

e
Referenc
Folecule
wavenf?ber
Line e .
66.8 3 ' "
61 22 13CO2 : E
2265.0 13CO2 :
62
63 2263,1 13CO2 .
61 2261.3 13CO2 -
}
65 2259.4 13002 "
56 225745 13Coz Bt
67 2255,6 13002 >
o 13°°2 3t ]
68 g ;h
i 13002 3t 1
69 - ’
70 2 1JCO2 .
2247.7 13002 : i
1 !
72 2245.6 o, , |
7 6 ' ‘
43, ‘
73 22 13002 -
2241.,4 -
co, .
) 9.4
- 13C02', X B
5 237.2 éh
é 2 13c02 . |
7 2235 - - v
7 2203.2 - -
. 2199.9 -
. 2196,7
80
A
A4
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PLATE 5

Line Wavenumber Molecule Refersnce
(em™?)
£1 2193.4 Co 3h
82 2190,0 Co 3h
83 2186,6 co 3h
84 2183.2 co 3h
85 2179.8 co 3h
86 2176.3 CO 3h
87 2172.8 co 3h
88 2169,2 co 3h
89 2165,6 Cco 3h
90 2162.0 Co 3h
PLATE 6
i 2193.4 Cco 3n
2 2190,0 co 3h
3 2186.6 co 3h
4 2183.2 co 3h
5 2179.8 co 3h
6 2176.3 co 3h
7 2172,8 co 3h
8 2169.2 co 3h
9 2165.6 co 3h
10 2162.,0 co 3h
A




PLATE 6
Line Aavenumber Molecule Reference
(ea™d)
11 2158.3 Co 3h
12 2154,6 co 3h
13 2150.% co 3h
b 2147.1 co 3h
i5 2139.4 co 3h
16 2135.5 co 3h
17 2131.6 co 3h
18 2127.7 co 3h
19 2123.7 co 3h
20 2119.7 Co 3h
21 2115.6 co 3h
22 2111.6 co 3h
23 2107.4 co 3h
2L 2103.3 co 3h
25 2094.9 co 3h
26 2090.6 co 3k
27 2086,3 ce 3h
28 2082.0 co 3h
29 2077.7 co 3h
30 2073.3 ce 3h
5 b

st e R e fiirme s b
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PLATE 6

Line davenumber Molecule Reference
(e 1)
31 2048,8 co 3h
32 2064 .4 CO/H,0 4
33 2059.9 co 3h
34 205C.9 co 3k
35 2046,3 co 3h
3% 2043,9 H,0 L
37 2041.3 B0 4
38 2037.4 H,0 b
39 2034,0 H,0 L
Lo 2032,k co 3h
b1 2026.6 H,0 L
L2 2023.0 H,0 b
43 2018,2 H,C 4
by 2016,8 H,0 L
&5 2013.4 co 3h
46 2009,3 Hy0 L
47 2007.% H,0 b
48 2004 ? x
b 1998.9 H,0 4
50 1993.2 B,0 L
>
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PLATE 7
Line Wavenumber Molecule Reference
(cn™1)
21 1746 H20 X
22 1744 H,0 x
23 1742 HZO x
24 1739.8 HZO 3k
25 1734.6 HZO 3k
26 1733.4 H,0 3k
27 1731 H20 x
28 1723.5 H,0 31
29 1718.6 H20 31
30 1717.4 H,0 31
31 1715.2 H,0 3k
32 1710.2 B,0 31
33 1706.4 HZO ok
34 170k, 5 B,C 3k
35 1700 Hy0 x
36 1696 HZO 3k
37 1690.5 1,0 x
38 1688 E,0 x
39 1684, 5,0 3m
40 16890 HZC X
2




PLATE 7

Line Wavenumber Molecule Reference 5 ]

(cm™1)

41 1675 H,0 x ”
b2 1672 H,0 x E;
43 1669, 4 H,0 In I
4 1662.8 H,0 Im i
bs 1655 H,0 x i
b6 1653.4/1652.4  HoO 3n }
47 1648 H,0 x g,
48 1546 .0 B,0 3n i
kg 1637.6 H,0 3 %%
50 1635.6 H,0 3m i3
51 1€27.8 E,0 3n %;
52 1624 H,0 x }
53 1616.7 H,0 3n i
s 15762 0 3n i
55 1569.8 H,0 w i
s 1564.8 5,0 In §
57 1560.5 H,O x §
58 1558.5 7,0 3n 1
59 155746 H,0 3n f
50 1554 4 H,0 3n
3¢




PLATE 7

Line Wavenurber Molecule Reference
(cm™1)
61 1550 H,0 X
62 1545,2 H,0 3In
63 1542 H,0 x
6l 1540.3 H,0 3n
65 1539.0 H,0 3n
PLATE 8
1 1576,.2 Hzo 3n
2 1569.8 H,0 In
3 1564.8 Hy0 3n
b 1560.5 H,0 x
5 1558.6 H,0 3n
6 1557.5 Hy0 Ir
7 1554.4 Hy0 3n
& 1550 HZO x
9 1545,.2 H,O In
10 1542 Hy0 x
11 1540, 3 H,0 3n
12 1539.0 H,0 3n
13 1534 H,0 x
1k 1531.7 E,O 7
15 1528.7 1120 7

W

\

2




PLATE 8

Line wavenumber liolecule Reference
(cm™t)
16 1527.4 H,0 7
17 1525.5 H,0 3n
18 1522.7 HZO 7
19 1521.4 H,0 3n
20 1520.4 HZO 7
21 1517.5 H,0 3n
22 1515.0 H,0 2n
23 1512.3 H;0 3n
24 1509,8 H20 7
25 1508.6 H,0 3n
26 1507.1 H,0 3n
27 1505.6 H,0 3n
28 1507.1 H,0 7
29 1498.8 HZO 3n
30 1496,2 H,0 3n
31 1490.8 150 3n
32 1489.8 H,0 3p
33 1487.3 H,0 3p
34 1480.4 H,0 7
35 1476.3 H,0 7




PLATE 8

e e b S e s R s s e e mee e mere W e ems

Line Wavenumber Molecule Reference
(em™1)
36 1473.5 H,0 3p
37 1472,0 H,0 3p
38 1464.9 H,C 3p
39 1459.3 H,0 3p
Lo 1458,2 H,0 3p
L1 1456.8 Hy0 3p
k2 1455.3 H,0 7
L3 1452,0 H,C 7
L 1847.9 H,0 3p
ks 1436.7 H,0 3p
k6 1430,0 H,0 3p
PLATE 9
1 1436.7 5,0 3p
2 1430.0 d,0 3p
3 1423.9 H,0 7
L 1419.3 H,0 3p
5 1417.4 B,0 3p




PLATE 9

Line Wavenumber 1olecule Reference
(ca™1)

6 ibi€,.1 HZO

7 1411.8 3,0 b

8 1416,0 H,0 L

g 1408.5 E,0 L
10 1405.0 Hy0 Jp
11 1399.2 Hy0 ap
12 1397.7 HyC 7
13 1395.8 HZO 3p
ik 1394 .4 H,0 Jp
13 1396.6/1391.9 HZO L
16 1387.5 H,C 3q
17 1384 BDO g
18 1382.2 H,0 E
19 1386.2/138¢ E,0 4
20 1378/1378.4 2,0 b
21 1375.1 2,0 3a
22 1373.7 523 3a
23 1368.5% E,0 3q
24 1362.5 5,0 L
25 1361,1 H,C 32




Mevrmatvariae

A atgeness ca

PLATE 9

Line Wavenumber Kolecule Reference
{(ca™})

26 1338.2/1358.7  E,;° 4
27 1354.9 H,0 L
28 1352.5 B0 4
28 134G.% H,0 b
30 1341.1 2,0 b
31 1339.0 B0 5
32 13356.6 2,0 31
33 1332.5 5,0 L
3 1329.9 2,0 L
35 1323.% 2,0 &
¥ 1518.7 H,0 b
37 13i5.3 2,0 3
38 1315.3 H,0 L
39 1313.5 2,0 L
kg 1312.5 3,0 &
b1 1306.3 5,0 1A
L2 1365.5% H,0 4
&3 1295.8 H,0 4
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Molecule

Reference

21
22
23
2L
25

1198,2
1187.1
1.80.9%
117%.5
1165.5
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PLATE 11

1165.5
1152.4
1149.5
1137.4
1135.8
112:,2
111i.5
1106.7

F B R I

ISR S

PLATE 12

948, 3

42




PLATE 13

Lire Wavenumber Molecule Reference
-1
(cm )

1 854.,6 H,0 4
2 852.5 H,0 b
3 849,6 H,0 b
b4 814,6/813.9  H,0 b
5 803.6 H,0 4
6 7987 H,O 4
7 796,0 H,0 L
8 784, 5 H,0 b
9 777.0 H,0 b
10 775.7 H,0 b
11 754.5 H,0 L
12 748.3 co, 4
13 746.8 co, b
14 7045, 3 co, 4
15 744,8 H,0 4
16 7041, 5 co, b
17 740,8 CO,/H,0 b
18 739.3 Co, 5
19 737.8 co, 5
20 736.2 co, 5
21 | 73&.7 co, 5
22 733.0 co, 5

19



PLATE 14

Line Wavenumber Molecule Reference

(em™1)
1 740,8 H,0/C0, 4
2 739.3 co, 5
3 737.8 co, 5
L - 736.2 CO2 5
5 734.7 co, 5
6 733.0 co, 5
7 7314 co, 5
8 729.7 Co, 5
9 728,0 co, 5
10 727.0 co, 5
11 725.5 co, 5
12 724,0 co, 5
i3 720,0 002 5
14 714.8 co, 5
15 713.2 co, 5
16 712.2 co, 5
17 711.5 co, 5
18 710.6 Cco, 5
19 709.9 co, 5
20 709.0 co, 4



PLATE 14

Line Wavenumber Molecule Heference
(cm™1)

21 708.2 co, 5
22 706.6 co, 5
23 ..705.0 o, 5
2 703.3 co, 5
25 701.7 CO2 3r
26 700,1 o, 3r
27 698,4 002 3r
28 696.8 co, 3r
29 695,2 co, 3r
30 693.6 co, 3r
31 692,0 co, 3r
32 690.4 co, 3r
33 688.8 Co, 3r
34 687.2 co, 3r
35 685.6 co, 3r
36 684 co, 3r
37 682.4 co, 3r
38 680.8 co, 3r
39 679.2 co, 3r
Lo 677.6 co, 3r

e

e v



PLATE 14

Line Wavenunber Molecule Reference
(em™1)
b1 67640 co, 3r
b2 - o 67h.b co, : 3r
L3 672.9 co, 3r
Ll 667 .4 o, 5

L5 665.8 co, 3r
L6 664,3 co, 3r
""" b7 662.7 co, 3t
48 661,2 Co, 3r
Lo 659.6 co, 3r
50 658,1 co, 3r
51 656.5 co, 3r
52 655.0 cc, 3r
53 653.5 co, 3r
54 651.9 co, 3r
55 650, L co, 3r
56 648,9 co, 3r
57 647,54 CO, 3r
58 645,9 Co, 3r
59 64k 4 co, 3r
60 642,9 co, . 3r

s



PLATE 14

Line Wavenumber Molecule Reference
(cm™1)

61 641.4 o, 3r
62 639.8 co, 3r
63 638.3 co, 3r
61 ©636.9 co, - 3w
65 635.4 co, 3r
66 633.9 co, 3r
67 632.4 co, 3r
68 630.9 2o, 3r
69 625.5 o, 3r
70 625.6  13co,/H,0 4
71 620,86  13co,/co, 4
72 617.7 Co, 6
73 616.0 H,0 L
74 612,8 co, 4
75 611.0 co, L
76 €09.4 co, 4
77 607.8 co, L
78 606.3 co, b
79 60b,6 co, 4
80 603.2 co, b

49
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PLATE 14

Line Wavenumber liolecule Reference
(cm™1)
81 601.5 CO2 4
82 600.1 CO2 L
83 595.0 CO,/H,0 L
84 591.9 H,0 L
85 584.,7 H20 b
86 ' 580.9 H,0 4
PLATE 15
1 667.4 Co, 5
2 664,13 COo, 3r
3 662.7 002 3r
4 661,2 co, 3r
5 659.6 co, 3r
6 658,1 co, 3r
7 65645 Co, 3r
8 65540 CO, 3r
9 653.5 co, 3r
10 651.9 co, 3r

#7



PLATE 15

Line Wavenumber Molecule Reference
(cu™?)

11 650.4 CO2 3r
12 648,.9 CO2 3r
13 6L7 .4 Co, ' 3r
14 645.9 co, 3r
15 6Lh 4 co, 3r
16 642.9 CO2 3r
17 6h1.k co, o
18 639.8 Co, 3r
19 638.3 co, 3r
20 636,.9 CO2 3r
21 635.4 002 3r
22 633.9/632.,4  Co, 3r
23 636.9 CO2 3r
2 629.5 co, 3r
25 626.9 002 3r.
26 625.6 13c02/nzo 4
27 622.5 3co, sc0, 4
28 620.8 e, sc0, 4
29 617.7 co, 5
30 616,0 H20 L

5C



PLATE 15

Line Wavenumber Molecule Reference
(em~1)
31 612.8 co, 4
32 610.9 co, y
33 609.4 co, L
34 607,.8 Co, L s
35 606.2 Co, L
36 604,6 co, L
37 603.2 Cco, L
38 601,5 CO2 4
39 7 600.1 co, 4
PLATE 16
1 604,6 co, L
2 600,1 CO2 4
3 596.9 co, L
L 595.1 coz/ﬁzo 4L
5 591,9 H,0 L
5/
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PLATE 16

Line Wavenumber Molecule Reference
(cm™1)
6 584,7 H,0 4
7 580.9 H,0 4
8 576.1 H,0 4
9 571.2 H,0 4
10 569.2 H,0 4
11 567.2 H,0 L
12 563.2 H,0 L
13 557.2 H,0 4
14 554.7 H,0 b
15 . 552,3 Hy0 4
16 550.1 H,0 4
17 547.8 Hy0 L
18 546, 3 H,0 b
19 545,3 H,0 b
20 541,0 H,0 b
21 539.6 H,0 4
22 536.3 H,0 b
23 534.3 H,0 4
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PLATE .9

Line daven:rbdber ¥olecule Reference
(ez™1)
1 bty 2,0 6
r bay HoU 6
3 452, 3 2,0 6
i 437 5,0 6
5 k35 HyC 6
6 432 5,0 5
7 429 5,0 6
8 325 ELZO 6
9 L23 B,0 6
16 big HzO g
11 $1s B,C 6
12 S H,0 6
13 400 HZO x
14 359 8,0 x
15 397 H,0 x
16 393 5,0 x
17 396 B,0 6
——




PLATE 20

Line xavenumber Hoiecuie Heference
(e271:
1 390 H,0 6
2 385 520 6
3 &1 5,0 6
b 376 £5,0 6
5 376 H,0 6
6 374 5,0 6
7 370 H20 6
8 352 H,0 6
S 359 K50 6
10 358 HZO 6
11 355 E,0 x
12 352.5 HZO x
13 356 H20 x
ik 344 Hzo x
158 341 H,0 b 4
16 336 H,0 x
17 328 H,0 x
5(

—aen




: PLATE 21

Lire Kavepumber Xolecuie Reference
L (e="1)

é 1 328 £,0 S

2 324 B C 6

, 3 313 5,0 5

f b 302 H,0 5
5 5 298 2,0 6

6

PLATE 22

289 HZO
282 HZC

{
i
L
t
!

280 H,0
278 4,0

o O O O

276 E,0

oN \n £ W LV
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